Introduction {#S0001}
============

Proliferation signal inhibitors (PSI), represented by sirolimus (SIR) and its analog everolimus (EVE), constitute a group of immunosuppressive drugs used in heart and other solid organ transplant recipients \[[@CIT0001], [@CIT0002]\]. While in heart recipients PSI are indicated predominantly to facilitate dose reduction or withdrawal of calcineurin inhibitors (CNI) in the presence of its nephrotoxicity \[[@CIT0003], [@CIT0004]\], they not only affect acute rejection but also prevent early development of cardiac allograft vasculopathy (CAV) by slowing intimal hyperplasia \[[@CIT0005]--[@CIT0008]\]. Despite this, the majority of transplant physicians and patients are reluctant to use PSI due to common adverse side effects, including dermatological lesions, impaired wound healing, stomatitis, interstitial pneumonitis, thrombocytopenia, proteinuria and metabolic disorders: hyperglycemia and dyslipidemia \[[@CIT0009], [@CIT0010]\].

Unlike CNI, PSI do not influence the secretion of interleukin-2 (IL-2), but inhibit the response of lymphocytes to IL-2 by binding to an intracellular protein, FKBP-12, forming a complex that inhibits the mammalian target of rapamycin (mTOR) serine-threonine kinase, and thereby blocking the transmission of the proliferation signal to the nucleus of the T cell \[[@CIT0011], [@CIT0012]\]. The same mechanism of action occurs when PSI are administered due to oncological indications, but this time it is a disruption of the signal from the membrane receptor for vascular endothelial growth factor (VEGF) that protects vascularization of the neoplasm \[[@CIT0013], [@CIT0014]\].

VEGF should be considered a family of proteins involved in new endothelial cell formation, migration and activation, stem cell recruitment, and tissue regeneration. Five subtypes of VEGF have been identified from A to D, and placental growth factor. The downstream signals of VEGFs are mediated by tyrosine kinase receptors VEGFR-1, VEGFR-2 and VEGFR-3. Formation of new vessels depends on VEGF-A and VEGF-B binding to VEGFR-1 and -2. VEGFR-3 is associated with development of the lymphatic system \[[@CIT0015]\]. Interestingly, VEGF is also thought to be responsible for some dermatoses that belong to frequent side-effects of PSI common for oncologic and transplant patients \[[@CIT0016]\].

We hypothesize that VEGF may play an important role in development of PSI side-effects in heart transplant recipients. As a first step to investigate this supposition we performed this pilot cross-sectional study to evaluate the influence of different immunosuppressant protocols, containing PSI and/or CNI, on VEGF production.

Material and methods {#S0002}
====================

This research was designed as a prospective cross-sectional study involving all heart transplant recipients remaining under in- and outpatient care of our center willing to participate. Blood samples were obtained at the time of the elective outpatient visit (scheduled at least every 6 months), or during hospitalization undertaken to perform endomyocardial biopsy or coronary angiography. The first 84 heart transplant recipients enrolled to prepare this interim report constituted the study group. Additionally, 5 non-transplant patients of the outpatient clinic agreed to participate as the control group.

The study group was divided into several subgroups according to the patients' immunosuppressive protocol: the PCI group (*n* = 14) with patients receiving EVE or SIR was further divided into PSI + CNI (*n* = 4) composed of patients receiving PSI and CNI (cyclosporine-A or tacrolimus) concomitantly, PSIw/oCNI (*n* = 10) receiving CNI-free immunosuppression, and CNIw/oPSI (*n* = 70) containing patients treated with cyclosporine-A or tacrolimus without PSI. Basic characteristics of the study and control groups are presented in [Table I](#T0001){ref-type="table"}.

###### 

Description of the study and control group

                                         Study group   PSI group   PSI + CNI subgroup   PSIw/oCNI subgroup   CNIw/oPSI group   Control group
  -------------------------------------- ------------- ----------- -------------------- -------------------- ----------------- ---------------
  Number of patients                     84            14          4                    10                   70                5
  Age (years)                            50 ± 17       57 ± 12     53 ± 14              58 ± 11              49 ± 18           36 ± 13
  Gender (M%/F%)                         73/27         64/36       100/0                90/10                74/26             60/40
  Indication for OHT (CAD%/nCAD%)        34/66         64/36       50/50                30/70                36/64             --
  Donor age (years)                      32 ± 11       38 ± 8      34 ± 6               40 ± 9               31 ± 11           --
  Donor/recipient gender match (Y%/N%)   66/35         67/33       0/100                89/11                73/27             --
  Ischemic time (minutes)                170 ± 54      189 ± 69    192 ± 45             188 ± 77             167 ± 50          --

PSI -- proliferation signal inhibitors, CNI -- calcineurin inhibitors, w/o -- without, M -- male, F -- female, OHT -- orthotopic heart transplantation, CAD -- coronary artery disease, nCAD -- no coronary artery disease, Y -- yes/positive, N -- no/negative

PSI and CNI doses were determined based on trough levels monitoring in the whole blood according to the following target ranges: EVE -- 3-8 ng/mL with CNI, and 8-12 ng/mL without CNI; SIR -- 8-12 ng/mL with CNI, and 12-20 ng/mL without CNI; cyclosporine-A -- below 100 ng/mL with PSI, and over 100 ng/mL without PSI; tacrolimus -- below 7 ng/mL with PSI later than 12 months after the surgery, 7-10 ng/mL with PSI within the first 12 months after the surgery, or without PSI thereafter, and 10-15 ng/mL without PSI during the 1^st^ year after heart transplantation. The majority of patients from PSIw/oCNI and CNIw/oPSI groups received mycophenolate mofetil, which was dosed according to the serum trough level in order to achieve the target range of 1.5-2.0 µg/mL.

Serum samples to assess VEGF concentration were collected at the time of elective visits after centrifugation of a 5 mL whole blood sample and immediately frozen and stored at --80°C. Further assessment was performed using the Quantikine Human VEGF Immunoassay, employing the quantitative sandwich enzyme immunoassay technique. A monoclonal antibody specific for VEGF was pre-coated onto a microplate. Standards and samples were pipetted into the wells and any VEGF present was bound by the immobilized antibody. After washing away any unbound substances, an enzyme-linked polyclonal antibody specific for the reagent, a substrate solution was added to the wells and color developed in proportion to the amount of VEGF bound in the initial step. The color development was stopped and the intensity of the color was measured by absorbance at 450 nm, with the correction wavelength set at 540 nm or 570 nm. Calculation of results of the average absorbance values for each set of duplicate standards and samples was performed by the computer using a four-parameter logistic (4-PL) curve fit.

Results are presented as median and range, as well as mean ± standard deviation. Statistical analysis was performed using non-parametric tests.

Results {#S0003}
=======

VEGF was detected in 70 samples (83%) from the study group patients and 3 samples (60%) from control group participants. VEGF was present in all 4 patients from the PSI + CNI subgroup, followed by 13 (93%) patients in the PSI group, 9 (90%) patients in the PSIw/oCNI subgroup, and 57 (81%) patients from the CNIw/oPSI group. All differences between groups and/or subgroups were insignificant (χ^2^ test).

VEGF median concentration in the study group was higher than in the control group, and among heart transplant patients it was the highest in the PSIw/oCNI subgroup, intermediate in the PSI + CNI subgroup, and lower in the CNIw/oPSI group; however, the differences were insignificant (Mann-Whitney *U* test). Median and mean values are presented in [Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}.
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Discussion {#S0004}
==========

Our expectation, based on the basic knowledge of physiologic feedback rules of regulatory molecules secretion, was confirmed with the results of VEGF measurement obtained for patients receiving or not receiving PSI. The highest serum concentration was observed in the PSIw/oCNI group, lower in the CNIw/oPSI group, and intermediate in the PSI + CNI group. A less obvious observation is that VEGF in the control group was lower than in the CNIw/oPSI group. However, it should be underlined at this point that all groups (possibly except CNIw/oPSI) were underpowered to achieve the statistical proof of significance when differences between groups and/or subgroups are considered. The low number of participants, especially receiving PSI, is the main limitation of the current analysis. Despite this, the current results warrant further investigation based on a higher number of observations.

Due to the low number of enrolled patients it was not possible to address the relation of VEGF with acute rejection \[[@CIT0017], [@CIT0018]\] and cardiac allograft vasculopathy \[[@CIT0019], [@CIT0020]\] described in the literature. In both cases a significant positive correlation was described. It should also be mentioned that gene expression profiling, which is becoming a more and more popular method to describe the pathology of transplanted organs, also suggests that VEGF may play an important role, at least, in acute rejection of the transplanted heart \[[@CIT0021]\]. We plan to look for correlations between VEGF and rejection in the multiplied study group. Additionally, the potential influence of age, diabetes, lipid abnormalities and statin use on VEGF concentration should also be a subject of analysis performed in a statistically sufficient group of heart transplant recipients. Last, but not least, the possibility of VEGF relation with cytomegalovirus infection in the population protected by PSI is a very interesting scientific question, especially in the context of controversies around this issue \[[@CIT0022]\].

Finally, for the same reason of the low number patients receiving PSI involved in this pilot study, we had to postpone our attempt to find the relation between VEGF and dermatological side effects of PSI. This important problem observed in heart transplant recipients still awaits a focused study. At the moment, the influence of a VEGF involving mechanism in development of skin complications has been widely described comprehensively only in the group of oncologic patients \[[@CIT0023]--[@CIT0025]\].
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